The growth of wind energy penetration level in distribution system raises the concern about its impact on the operation of the power system, especially voltage stability and power loss. Among the major concerns, this paper studied the impact of connecting wind Turbine (WT) in radial distribution system with different penetration levels and different power factor (lead and lag) on power system voltage stability and power loss reduction. Load flow calculation was carried out using forward-backward sweep method. The analysis proceeds on 9-and 33-bus radial distribution systems. Results show that voltage stability enhancement and power loss reduction should be considered as WT installation objective.
Introduction
In the past few years, great progress has been achieved in wind energy (WE) field as distributed generation source (DGS) because wind energy has a lot of merits such as environment, economic and technical. Environmentally it's clean energy source and meets the requirement of reducing global warming. Technically the single wind turbine capable of generating power in few MW at present and in near future 2020 the rated power of WT may reach 10 -20 MW [1] . Economically it's the cheapest renewable energy source [1] [2] , these merits make wind energy the most suitable source for future energy. Therefore, the penetration of wind turbines in electrical power systems will increase and they may begin to influence overall power system behavior, making it impossible
Wind Turbine Penetration Level
Wind turbine Penetration Level (PL) used to study its impact on the power system operation. This PL gives percentage WT generated power contribution in load supply is given by:
where P WT : wind turbine active power. P l : total loadsactive power. The paper studied the impact of WT at different PL and different power factor (p.f) i.e. (lead and lag) on distribution system operation.
Voltage Stability
The voltage instability problem in a distribution network may spread to the transmission network causing a blackout as happened in Brazilian system in June 1997 [12] , US/Canada blackout, the Scandinavian blackout and the Italian blackout, which all happened in 2003 [13] . It is attracting more attention from researchers around the world.
There are several definitions of voltage stability. One definition developed by IEEE and CIGRE that Voltage stability refers to the ability of a power system to maintain steady voltages at all buses in the system after being subjected to a disturbance from a given initial operating condition [14] .
The term voltage collapse is also often used. It is the process by which the sequence of events accompanying voltage instability leads to a blackout or abnormally low voltages in a significant part of the power system.
Voltage Stability Indices
The main objective of Voltage Stability Indices (VSIs) is to estimate the distance from the current operating point to the system voltage marginally stable point. Numerical indices help operators to monitor how close the system is to collapse or to initiate automatic remedial action schemes to prevent voltage collapse.
Most of the VSIs that have been proposed are based on steady state power flow. An index, which can be evaluated at all buses in radial distribution systems, was presented by M. Charkravorty and D. Das in [15] .
The distribution system can be represented by the equivalent of two bus system as showing in Figure 1 ; the Equation represents the voltage stability index SI is given by: 
Power Losses
Before the WT connected to the system showing in Figure 1 , the total active power losses are:
Once the WT is connected at the system, three different situations may take place:
For situations 1 and 2, the injection of P WT reduces the P i drawn from bus i. In other words, the WT reduces the load's value at bus i + 1. However, the WT in situation 3 acts as in situations 1 and 2, plus it will reverse a portion of the injected P WT back to bus i. Reducing the power loss and maintaining the voltage within acceptable limits are vital in WT applications. Although the first and second situations' results in some cases are significant, situation 3 leads to better results if the optimal WT size and location are employed.
To evaluate the impact of installing WT at distribution feeder on power loss reduction (PLR) the following relation used:
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where P LOSS : System losses without WT
WT LOSS
P : System loss after WT installation
Optimal Size and Location of WT
Optimal location and size of WT generation obtained using Grid Search Algorithm [16] - [18] . The Grid Search Algorithm is applied by adding WT to each bus, changing the size of WT from 0% of total load power to 100% of total load power with the step size of 0.05% of total load power. In this algorithm, the objective is to minimize total power losses of the system (P lossT ) by injected active power of WT (P WT ) for WT placement The main constraints are to restrict the voltages along the radial system within 1 ± 0.05 pu, as in Equation (5-a) and Equation (5-b).
To minimize
The flowchart of the Grid Search algorithm to determine the optimum size and location of WT is proposed in the appendix B Figure B-1. 
First Case Study
The first test case is a 9-bus [11] [19] , single feeder, radial distribution system shown in Figure 2 . This system has no laterals. The rated line voltage of the system is 23 kV. The details of the feeder and the load characteristics are given in Table C 
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Results show that the impact of WT also depends on its power factor i.e. (in case of lead p.f enhance voltage stability and PLR more than lag p.f case).
WT installed at bus 9 with different PLs listed in following Table 1 for both 0.9 lead and lag p.f. The Figures 3-10 show the impact of connection WT with different sizes and locations on voltage profile, SI index, λ-V curves, active losses, and reactive losses; while Figure 11 shows the relation between penetration level and power loss of the system. Tables 2-8 give the numerical values of the impact of connection WT with different sizes and locations on the system. While Table 9 and Table 10 gives the optimal size and location to install WT in the system.
Optimal penetration level at bus 9 to minimize the total system losses is shown in Figure 11 .
Second Case Study
Another 33-bus radial distribution test system has been used [11] [19] . This test system has a main feeder and four laterals (sub-feeders). The data of the feeder is presented in Table C -2 in appendix C, the single line diagram shown in Figure 12 . The system rated voltage is 11 kV. Study the voltage stability enhancement and PLR by installing WT at bus 5 of distribution feeder with different PL% listed in Table 11 .
The Tables 12-18 give the numerical values of the impact of connection WT with different sizes and locations on the system, while Table 19 and Table 20 give the optimal size and location to install WT in the system.
Optimal penetration level at bus 5 to minimize the total system losses is 110% as shown in Figure 21 . 
Conclusion
The paper studied the impact of installing wind turbine in radial distribution system with different PLs on voltage stability and power loss reduction, the optimum size and location of wind turbine are also determined in this paper. The study is applied on the 9-bus and 33-bus test systems. The results show that as penetration level increases voltage stability and power loss reduction are enhanced especially with lead p.f. operation. Voltage stability index reflects a guide to choose the suitable bus for installing wind turbines DG, and these results are supported by PLR and load margin of the system.
Appendices
Appendix A Power flow solution A). Power Flow Solution for Single Line Feeders
Using the system in Figure A1 , the solution steps are summarized as follows: 1). Find the sum of active and reactive power loads for all buses as well as the sum of all resistances and inductive reactances of each section connecting two buses.
2). Assume that sending end real power, reactive power and voltage to be approximated by:
where the incremental increases P factor and Q factor are given by: 
Equation (4-A) and (5-A) are due to the fact that in reality, there are no lossless systems and there is rarely a feeder with only two buses. These approximation factors are added to reduce the required number of iterations required for a solution i.e., get closer to the exact loss values, then, use these values P 0 &Q 0 in the initial iteration.
3). Apply the following power flow equations to the feeder.
where: P factor : Real power loss approximation. Q factor : Reactive power loss approximation. μ p : Active power multiplier, set to zero when there is no active power source or set to 1 when there is active power source. 2). Apply the recursive power flow solution algorithm as in (single line feeders) for the main feeder.
3). Set the voltage of the far bus that represents a lateral to be equal to the (V 0 ) of this lateral. Solve the lateral individually as described in the case of the single line feeder.
4). For sub-laterals (if available), set the voltage of the far bus that represents a sub-lateral to be equal to the (V 0 ) of this sub-lateral. Solve the sub-lateral individually as described in the case of the single line feeder.
5). Get the total real and reactive powers injected into the sub-lateral and represent them again as a single load on its lateral. 6). Apply the power flow solution to the lateral individually again. If there is another sub-lateral go back to step 4 and solve the second far bus on the lateral that represents the sub-lateral. Otherwise, go to next step. 7). Find the total real and reactive powers injected into the lateral (use data from last power flow run) and represent them again as a load on the main feeder. 8). Apply the power flow recursion to the main feeder. If there are more laterals, go back to step 3 and solve for the second far bus that represents the lateral on the main feeder. If not, go to the next step. 9). With the bus voltages found using the previous step, solve the laterals and sub-laterals (if available) individually. Then the power flow solution is reached. 
